Objective: This study tested the hypothesis that weight-reduction (bariatric) surgery reduces long-term mortality in morbidly obese patients. Background: Obesity is a significant cause of morbidity and mortality. The impact of surgically induced, long-term weight loss on this mortality is unknown. Methods: We used an observational 2-cohort study. The treatment cohort (n ϭ 1035) included patients having undergone bariatric surgery at the McGill University Health Centre between 1986 and 2002. The control group (n ϭ 5746) included age-and gendermatched severely obese patients who had not undergone weightreduction surgery identified from the Quebec provincial health insurance database. Subjects with medical conditions (other then morbid obesity) at cohort-inception into the study were excluded. The cohorts were followed for a maximum of 5 years from inception. Results: The cohorts were well matched for age, gender, and duration of follow-up. Bariatric surgery resulted in significant reduction in mean percent excess weight loss (67.1%, P Ͻ 0.001). Bariatric surgery patients had significant risk reductions for developing cardiovascular, cancer, endocrine, infectious, psychiatric, and mental disorders compared with controls, with the exception of hematologic (no difference) and digestive diseases (increased rates in the bariatric cohort). The mortality rate in the bariatric surgery cohort was 0.68% compared with 6.17% in controls (relative risk 0.11, 95% confidence interval 0.04 -0.27), which translates to a reduction in the relative risk of death by 89%. Conclusions: This study shows that weight-loss surgery significantly decreases overall mortality as well as the development of new health-related conditions in morbidly obese patients.
I n recent years, morbid obesity has emerged as a serious public health threat. After smoking, it is the second leading cause of preventable, premature death in the United States. It is estimated that there are 400,000 deaths attributable to obesity in the United States each year. 1 The World Health Organization has recognized an epidemic of obesity throughout most of the developed and developing world. 2 Canadian adult obesity trends have grown during a 13-year period from 5.6% in 1985 to 14.8% in 1998. Obesity is associated with multiple complications and related comorbidities that lead to both physical and psychologic problems. [3] [4] [5] [6] Bariatric surgery has been shown to be an effective method for producing weight loss in obese patients in both the short and long term [7] [8] [9] [10] [11] and to be more effective than dieting in producing sustained weight loss. 12 To date, there has not been a population-based study demonstrating a significant impact of surgically induced permanent weight loss on mortality and the prevention of comorbidity in severe obesity. The current study addresses these issues by comparing the outcomes in 2 cohorts of morbidly obese patients.
METHODS

Study Design
This was an observational 2-cohort study that compared the morbidity and mortality of a cohort of morbidly obese patients treated with bariatric surgery at the McGill University Health Centre (MUHC) to that of matched morbidly obese controls who had not been treated surgically. The inception time of the bariatric cohort was the time of admission for surgery. The inception time for the control group was the date of surgery of their matched bariatric patients. A maximum of 6 controls were identified for each bariatric subject. The 2 cohorts were followed for a maximum of 5 years. The MUHC Research Institute ethics board approved the study.
Identification of Study Cohorts
A total of 1118 patients underwent bariatric surgery for the treatment of morbid obesity at the MUHC between January 7, 1986, and June 8, 2002 . The unique health insur-ance numbers of these patients were used to retrieve their information from the provincial health insurance database of the Regie de l'assurance maladie du Quebec (RAMQ). The RAMQ database includes information regarding all health care utilization claims, including those for hospitalizations, physician visits, prescription medications, and other paramedical services. It is a single-payer system and captures all health expenditures and clinical outcomes. For example, if a patient dies in the province of Quebec, a physician must certify the death and submit an invoice to RAMQ, which is recorded in the database. This single-payer system ensures 100% clinical follow-up for both patient cohorts. Data concerning weight loss parameters for the surgically treated patients were extracted from the MUHC bariatric surgery patient registry. This registry is maintained in a prospective manner for all patients undergoing bariatric surgery.
Of the 1118 patients in the bariatric surgery cohort, 83 patients were excluded secondary to previous diagnosis and admission to hospital for 1 of the chronic conditions listed in Table 4 for the 6 months prior to surgery, identified in their RAMQ file. This does not imply that the disease condition was not present. We interpreted this to mean that the patient (for whatever reason, but not due to affordability) did not see a physician or visited a hospital for the condition. If a patient had repeat bariatric surgery, the index surgery was used as the inception date and the subsequent surgery was included in the morbidity assessment.
The RAMQ database was queried to identify a maximum of 6 control subjects for each bariatric patient. The inclusion criteria for the controls were a diagnosis of morbid obesity according to the ICD9 codes (278.00, 278.01) for treatment in a hospital, treatment by a physician or as an indication for a prescription, as well as never having had surgery for the treatment of severe obesity (44.31, 44.39). Each bariatric patient was caliper matched to controls with respect to the date of the first diagnosis of morbid obesity within 2 years, age within 5 years and gender. There were a total of 6210 controls identified, of which 464 were excluded because they had been hospitalized for 1 of the chronic conditions listed in Table 4 within 6 months before the surgery date of their matched bariatric patient according to their RAMQ file. The final study sample included 1035 bariatric surgery patients and 5746 matched controls.
Surgical Procedures
The open Roux-Y (RY) Gastric bypass technique has been described previously. 11, 13 Since February 2002, we have been performing RY gastric bypass laparoscopically using 5 ports. We perform a hand-sewn gastrojejunostomy using a modification of Higa's technique. 14 This ensures that the operation is very similar to the open RY gastric bypass, especially the creation of the very small vertically oriented gastric pouch. The time frame of this study captured the first 21 laparoscopic RY gastric bypass patients for this analysis.
The technique for open vertical banded gastroplasty has been described previously. 15 
Determination of Outcomes
The RAMQ database was searched for all claims for health care services by subjects in both cohorts for the 5-year period after the date of inception. The ICD9 codes were used to classify the conditions leading to the use of health services. 16 Morbidity was assessed using the incidence of new diagnoses during the follow-up period. Health care use during the follow-up period was measured by the number of hospitalizations, total hospital stay, and outpatient physician visits. The hospitalization and subsequent care required for the bariatric surgery was included in the total estimates of the bariatric cohort.
Weight loss for the bariatric surgery cohort was estimated using the percent change in body mass index (BMI) and percent excess weight loss. The percent change in BMI was calculated as: 100% ϫ (͓BMI 0 -BMI i ͔/BMI 0 ), where BMI i ϭ the BMI at the last follow-up and BMI 0 is the BMI at the time of surgery. The percent excess weight loss was calculated as: 100% ϫ (͓W 0 -W i ͔/EW 0 ), where W 0 ϭ the weight (kg) at the time of surgery, W i ϭ the weight (kg) at the last follow-up, and EW 0 ϭ the excess weight at the time of surgery. Excess weight was estimated according to the formula described by Deitel and Greenstein 17 and are based on the Metropolitan Tables for middle frame individuals.
Estimation of Health Care Costs
Direct health care costs were expressed in 1996 Canadian dollars. For each subject, the total direct health care cost was estimated on the basis of the information in the RAMQ. This includes the total cost for each hospitalization, physician visit, and prescription medication. The costs for the surgery and subsequent care were included in the total cost estimates of the bariatric surgery cohort. The RAMQ costs reflect the value of the claim and are not necessarily equivalent to the costs for the services in the private sector.
Statistical Methods
The statistical significance of weight loss in the bariatric surgery cohort was assessed using the paired Student t test and was described using the mean change and 95% confidence intervals for the cohort. Differences between the bariatric surgery and control cohorts with respect to the mean number of hospitalizations, total hospital stay, and physician visits, as well as health care costs, were assessed for statistical significance with the Student t test. The incidence of chronic conditions was defined as the ratio of the number of new diagnoses during the 5-year follow up period over the total number of patients included in the cohort at inception. Relative risks with 95% confidence intervals and exact significance tests were used to assess the difference in morbidity rates between the 2 groups. Relative risks were calculated using the bariatric cohort as the exposed group and the control cohort as the reference. Therefore, relative risk estimates less than unity indicate a protective or beneficial association for the bariatric cohort. Incidence density rates for cause specific hospitalizations were calculated as events per 1000 person-years of follow-up. Rate ratios with 95% confidence intervals and exact significance tests were used to assess the between cohort differences with respect to the cause specific hospitalization rates. The between cohort difference with respect to mortality was assessed with the relative risk and the log-rank test for comparison of Kaplan-Meier survival curves.
RESULTS
Description of the Study Sample
Seven different surgeons affiliated with the MUHC treated the 1035 bariatric patients during a period of 16.4 years. Four surgeons performed the majority (97%) of the procedures whereas 1 surgeon performed 48.5% of the bariatric procedures. The majority of the procedures were open RY isolated gastric bypasses (n ϭ 820; 79.2%), followed by vertical banded gastroplasty (VBG; n ϭ 194; 18.7%) and laparoscopic RY isolated gastric bypass (n ϭ 21; 2.2%). Fifty-six percent were in the BMI range of 38 -49, 32% in the BMI range of 50 -59, 8% in the BMI range of 60 -69, and the rest had a BMI Ͼ 70 (highest 98).
Thirty-five percent of the VBG patients were subsequently converted to open RY because of complications that included outlet obstruction (58%), failure to lose weight (33%), and miscellaneous reasons (9%). Table 1 describes the demographics of the 2 cohorts. There were no significant differences in age, gender, or follow-up.
Weight Loss in Bariatric Surgery Patients
The data in Table 2 describe the weight loss achieved in the bariatric surgery cohort. There were significant reductions in mean percent initial excess weight loss (67.1%, P Ͻ 0.001) and in the percent change in BMI (34.6%, P Ͻ 0.001). The percent initial excess weight loss was significantly higher in patients who had undergone an open RY gastric bypass (68.7 Ϯ 23.1) compared with VBG, especially those VBG patients who were not converted to RY gastric bypass (57.3 Ϯ 24.8, P ϭ 0.0000). VBG patients who were converted to RY gastric bypass achieved a percent excess weight loss of 66.3 Ϯ 22.6, equivalent to de novo RY gastric bypass patients. Figure 1 shows the percent initial excess weight loss during the years in the surgery cohort. Our follow-up for determining the adequacy of the weight loss was good to 11 years but fell off dramatically during the next 6 years as patients relocated without leaving forwarding addresses or other contact information. Attempts to trace these patients (including the involvement of the local authorities) failed. Our patient followup is 72% complete during the 16 years of the study. Table 3 shows the percent excess weight loss outcomes according to the modified Reinhold classification. 18 Using the landmarks recently proposed by Biron et al 19 for success, ie, a BMI Ͻ 35 for morbid obesity (BMI Ͻ 49) and a BMI Ͻ 40 for superobesity (BMI Ͼ 50), we achieved an 83% successful outcome in the morbidly obese patients and a 73% successful outcome in the superobese patients.
Morbidity and Mortality
The data in Table 4 describe the morbidity and mortality during the 5-year follow-up period. In comparison with controls, bariatric surgery patients had significantly lower incidence rates for all the chronic conditions listed with the exception of those related to blood and blood forming organs. The most notable risk reduction was observed for the incidence of malignancies; cardiovascular and circulatory conditions, including hypertension; endocrinologic conditions, including type II diabetes; infectious diseases; and respiratory conditions. The bariatric surgery cohort patients were at increased risk for digestive disorders during the 5-year follow up when compared with controls.
The mortality rate in the bariatric surgery cohort was 0.68% compared with 6.17% for controls (relative risk 0.11; 95% CI 0.04 -0.27). Mortality in the surgical group includes perioperative deaths (0.4%). Another way to describe the mortality data is a relative risk reduction of mortality of 89% by surgery that produced a sustained 67% excess weight loss, compared with no surgery controls. The Kaplan Meier survival analysis (Fig. 2 ) confirms that the mortality rate in the bariatric surgery cohort was significantly lower than that of controls (P Ͻ 0.001).
Health Care Use
The data in Table 5 show that the mean number of hospitalizations and the total in-hospital days were significantly lower in the bariatric surgery patients when compared with controls. Also, bariatric surgery patients made fewer physician visits in the 5-year follow-up period, including the planned yearly follow-up of the surgery group.
The incidence rates of cause specific hospitalizations for the 2 cohorts are summarized in Table 6 . The incidence rates of total hospitalizations for all individual causes were significantly lower for the bariatric surgery cohort when compared with controls. Patients in the bariatric surgery cohort had 50% fewer hospitalizations and highly significantly reduced hospitalization rates for cancers, cardiovascular, and circulatory conditions, including hypertension, infections, and respiratory conditions. The patients in the bariatric surgery cohort had significantly increased rates of hospitalizations for digestive conditions when compared with controls.
The mean total direct health care costs were significantly higher in the controls when compared with the bariatric surgery cohort for all specific diagnostic categories. The exceptions were the costs for digestive disorders for which the mean cost for the bariatric patients was 68% higher compared with controls. On average, the total direct health care cost for the controls was 45% higher compared with bariatric patients.
DISCUSSION
The impact of sustained weight loss in severely obese patients on mortality is unknown. The early results of the Swedish Obese Study 20, 21 showed that the excess health risks associated with obesity may not be fully appreciated. An interim analysis of the data reported in 2001 22 showed that compared with weight stability, large intentional weight loss resulted in substantial reductions in the 2-year incidence of several cardiovascular risk factors. After 8 years, there was still a reduced risk of developing diabetes in the surgical group, whereas the incidence of hypertension was equal in the 2 treatment groups. They were not able to show an effect on mortality with intentional weight loss that averaged 25.6% initial excess weight lost in their study.
We report an observational study using a combination of hospital and provincial insurance administrative databases to assess the effectiveness of bariatric surgery and to compare the mortality, morbidity and health care use in morbidly obese patients treated with bariatric surgery to a cohort of matched morbidly obese patients who were not treated surgically. The selection of patients on the basis of their exposure or treatment, without knowledge of the outcome, the inclusion only of patients who were at risk for the ascertained These elements make the current study an excellent simulation of a prospective cohort study and a valid representation of a "real-life" situation.
The results of the current study show that for up to 16 years after bariatric surgery, patients experience significant and sustained weight loss. This result is expected and compatible with those reported in other studies. The results showing reduced mortality, reduction in the development of new comorbid conditions, and reduced health care use after surgery in combination with the demonstrated effectiveness in weight loss are unique findings of the current study.
The effects of morbid obesity on the risk for hypertension, coronary artery disease, and vascular disorders 23, 24 ; diabetes 25, 26 ; cancer 27 ; and respiratory conditions 28, 29 have been well documented. In the current study, patients having undergone bariatric surgery had significantly reduced risk of developing cancer, cardiovascular disease, endocrinological disorders, infectious diseases, musculoskeletal disorders, and respiratory conditions. The increased risk for gastrointestinal disorders in the surgery cohort was expected, and one that we feel serves as an internal consistency check of the analysis. After surgery, some patients experience stenosis of the vertical banded outlet, stenosis of the gastrojejunostomy, stomal ulcers, gastro-gastric fistula, small bowel obstructions, incisional hernias, dumping syndrome, and diarrhea. 30 Thus, one expects to see increased physician visits and hospitalizations for treatment of these conditions.
Morbid obesity increases the risk for mortality. 31, 32 The current study demonstrates that in patients being treated with bariatric surgery, the risk of 5-year mortality is reduced by 89%. This is a significant observation because it not only suggests the role of morbidity as a risk factor for early mortality but also provides evidence that surgical treatment of obesity produces a significant reduction in mortality. We feel that the improved weight loss due to the efficacy of the RY gastric bypass and the conversion of the failed vertical banded gastroplasty patients to RY gastric bypass, which When compared with matched controls, the patients in our study who underwent bariatric surgery also had significantly reduced health care use rates and total direct health care costs. This finding is significant from a societal and health-economic point of view because the health care services and costs associated with surgery were included in the total costs for the bariatric surgery patients. These results have shown that on the average, the total direct health care costs for managing a morbidly obese patient may be reduced by 45% within 5 years after surgery. The total benefit would be greater if indirect costs were examined. A potential weakness of the current study is the lack of data regarding weight loss in the controls. Severely obese patients are not likely to lose weight during a 5-year period without surgery. If they did lose weight during the 5-year period, similar to the operated patients, then the hypothesis would have to be modified, specifically that weight loss surgery exerts its therapeutic effects by a mechanisms other then weight loss. The evaluation of effectiveness for weight loss was essential in developing a comprehensive benefit profile. If the procedure did not produce significant and sustained weight loss, any other benefits with respect to the other outcomes listed would be of no consequence.
The strengths of the current study are related to the design and the selection of the cohorts. The exclusion of patients with a history of the ascertained outcomes allows the estimation of true incidence and removes potential selection bias and confounding. Matching the cases and controls with respect to age, gender, and duration of disease further reduces the possibility of confounding from these factors because both are potentially associated with the morbidity indices studied and with increased risk for mortality. The random selection of controls from an administrative database reduces selection bias and bias by indication that would have been introduced if hospital based controls were used. Despite the marked reduction in our ability to follow our patients in the Bariatric Surgery Clinic of the MUHC after 11 years, visits to other health care institutions and professionals were captured 100% in the RAMQ database (single-payer system). Although more extensive risk-benefit assessments may be useful in providing more detailed data regarding the impact of bariatric surgery, the current study has produced evidence supporting the implementation of bariatric surgery in the management of the morbidly obese patient. Discussions DR. WALTER J. PORIES (GREENVILLE, SOUTH CARO-LINA): As expected, the McGill group scores again with another valuable contribution to our understanding of bariatric surgery. We are delighted of course that the Canadian statistics confirm our findings at East Carolina, published in 1997, that demonstrated a mortality rate of 1% per year in diabetic patients who underwent the gastric bypass compared to a mortality of 4.5% per year in a group who were scheduled for surgery but who were canceled at the last minute for personal or insurance reasons. In the straight language of the rural South, that means the gastric bypass reduced the mortality in morbidly obese diabetics by 78%.
Before we feel too good about these statistics, however, let me remind you that we have over 8 million Americans who have a BMI Ͼ40. If they were all in 1 state, it would be the 12th largest state in the Union, larger than Virginia.
The only effective treatment for these unfortunate individuals is surgery. Even so, only 120,000 bariatric operations were done in the U.S. last year-only enough to treat one half of 1% of the individuals who need it. And most of these only after a fight with the carrier.
What if we had a pill that could provide full remission of diabetes and durable weight loss? Would it be acceptable if only half a percent of the eligible patients were treated?
There are many reasons for that failure to provide the treatment our citizens need. And we bear much of that fault. We have not always delivered the operations in a consistent, efficient, and safe manner. We have not trained enough surgeons; we have not developed the facilities to provide this complex care. We have not collected the data needed to identify which operation is best for whom. We have not exploited the great opportunities for research.
Of course, there are other reasons. Our medical colleagues are still not convinced of the merit of the surgery and insurance carriers are threatened by visions of unforeseen costs. A lot of reasons. They all add up to the same thing: Our patients are not getting the treatment they need.
Dr. Christou's demonstration that bariatric surgery reduces mortality and morbidity of our most rapidly spreading epidemic is an important lesson. Which leads to my question: How can we meet this new challenge? How can we provide bariatric surgery to more of those 8 million suffering Americans and all of those Canadians as well?
DR. NICOLAS V. CHRISTOU (MONTREAL, QUEBEC, CAN-ADA): Thank you very much, Dr. Pories, for those kind remarks.
To answer your question, we need to convince ourselves as a surgical community, as well as our primary care colleagues, as well as the administrators and others who control the purse strings, as to the value of weight loss surgery. It should be on an equal footing with cancer surgery and cardiac surgery.
We have to provide high quality care, especially bariatric peri-operative surgical care, to these patients with acceptable mortalities. More importantly, I think we need to have high quality outcome studies that demonstrate the efficacy and the cost savings to be had by this procedure, and I thank the Association for allowing us to present this particular trial. We must reduce the waiting lists not only by surgery but also by prevention. I think similar techniques that have been used to reduce mortality from tobacco use perhaps should be applied to the epidemic of the obesity as well. With all these initiatives taken together, I think we will be able to provide the care needed by these desperate patients. The importance of the present study is accentuated by the fact that a prospective, randomized trial of surgical candidates to include a "no surgery" control group has not been feasible and continues to not be feasible. It is appropriate to look at any potential differences that might exist between the 2 cohorts that have been compared in the present study.
The surgical patients are for the most part highly motivated to lose weight and improve their health. They participate in a comprehensive pre-and postoperative care program which might, for example, also stimulate diminished smoking, increased physical activity or exercise, both of which are known to enhance survival independent of body mass index. Do you have any comment on whether there might be differences between these 2 populations?
DR. NICOLAS V. CHRISTOU (MONTREAL, QUEBEC, CAN-ADA): Thank you, Dr. Wolfe, for your kind comments.
I really cannot provide that information because the database is returned to us in a blinded fashion. Also any deviation outside of the study parameters has to be preapproved and the study redone. I think your comments are such that perhaps we can go back and reexamine the data by obtaining additional information pertaining to your question, but I do not have that data at hand presently.
DR. HANS JEEKEL (ROTTERDAM, THE NETHERLANDS): In
Holland we have less experience because we have less obese patients, and we would like to learn from your experience.
Your conclusion is that weight loss surgery reduces mortality. Shouldn't your conclusion be that gastric bypass surgery is reduced? That is one question.
A second question, you had reduction in cancer occurrence. What kind of cancer occurrence is it? Is the follow-up low enough to evaluate the primary cancer occurrence? Or is it the occurrence of metastases, a slower recurrence of metastases at that time, or a slower growth of existing primary tumor?
And the last question, what is your next study? Will the control group be treated in some way? DR. NICOLAS V. CHRISTOU (MONTREAL, QUEBEC, CAN-ADA): Thank you very much, Dr. Jeekel, for your kind comments. I think if we were to be purists, you are correct, most of our procedures were RY gastric bypasses; therefore, weight loss through gastric bypass surgery should be our conclusion.
As far as the types of cancers are concerned, again I cannot answer that question. Because of the way that the data is received in a highly confidential manner, et cetera, we have to go back for a subsequent analysis. We intend to do this, because the mortality differences between the two cohorts were so overwhelming. We expected to see differences in endocrinological, musculoskeletal, etc, but the cancer rates surprised us. We intend to go back and look at the specific reasons. We have the same problem with cause of death. We do not know why subjects died because of the encryption of the data.
As far as your third question in terms of the control group, we do not know their actual weights. We assume that they were morbidly obese because of the ICD9 coding. The coding is very rigorous. We also do not have any data as to weight loss in the control cohort. If the control cohort also lost weight during the observation period, we would have to modify our hypothesis at least that the benefit derived by gastric bypass may not be due to weight loss but perhaps due to other reasons.
DR. RICHARD C. THIRLBY (SEATTLE, WASHINGTON): My question was addressed just a second ago. Many databases have shown a direct correlation between body mass index and mortality. I don't believe you know the body mass index of your nonoperative control cohort. Thus, the key question in this study is, "Are they comparable BMI's?" My hunch is that the operated group has a higher mean BMI than your control arm. It would be very nice to know. Another way to address this is, do you have any information on a correlation between excess body weight loss in your surgical group and cost of care, mortality, or co-morbidities?
DR. NICOLAS V. CHRISTOU (MONTREAL, QUEBEC, CAN-ADA): Thank you, Dr. Thirlby. Very pertinent questions.
I think we have already answered the first question. As far as the excess weight loss correlations, we are continuing to do post hoc analysis of the data. As far as mortality is concerned, we will not be able to answer the question as to the minimum excess weight that will impact on mortality. We do not have enough deaths, fortunately, in the surgical cohort to do this. However, on the other co-morbidities, I think we will attempt to determine a relationship, if any, between the 2, and we hope to report this in subsequent publications.
